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DESCRIPTION 



LI GHT SOURCE APPARATUS , LI GHT ING APPARATUS AND PROJECT I ON 
DISPLAY APPARATUS 

Technical Field 

The present invention relates to a light source 
apparatus having light generating means and a concave 
mirror, a lighting apparatus and a projection display 
apparatus . 

Background Art 

In recent years, attention is being given to a 
projection display apparatus using various . light 
modulation devices as a large-screen projection video 
apparatus. In the case of performing a large-screen 
display, brightness of a displayed image can be named 
as the most important item. 

Thus, attention is being given to a multi-lamp 
illumination system using multiple lamps and capable of 
improving optical output as the projection display 
apparatus. As for the brightness, it is important to 
illuminate the light modulation device as an image display 
device with as little loss of luminous fluxes radiated 
from the lamps as possible, that is, as efficiently as 
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possible. For that reason, it is desirable to improve 
efficiency of the light source apparatus of collecting 
lamp radiation light. 

Figure 11 shows a conventional multi-lamp optical 
system having two light source apparatuses configured 
by the lamp and concave mirror provided therein . The light 
radiated from a light source apparatus 1 gets incident 
on a hollow rod integrator 2 made of glass poles or mirrors 
glued together- It repeats total reflection inside the 
glass in the case of the glass poles, or repeats reflection 
in the case of the type having the mirrors glued together. 
It is possible, by means of the reflection inside the 
rod integrator 2, to create the luminous fluxes of 
homogeneous in-plane brightness on an emission opening 
plane of the rod integrator 2 . Furthermore, it is possible, 
with a relay lens 3 after this, to focus the luminous 
fluxes of high in-plane homogeneousness on a light 
modulation device 4 of performing an image display so 
as to display the image provided on a screen by a pro j ection 
lens as the image of which in-screen brightness is highly 
homogeneous . 

Next, as for improvement in the efficiency of the 
conventional light source apparatus of collecting lamp 
radiation light, a basic configuration of the light source 
apparatus as a first conventional example is shown in 
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Figure 12 (refer to Japanese Patent No. 2543260 and 
Japanese Patent No. 3151734 for instance) . In the case 
of this light source apparatus, the light radiated from 
light-transmitting planes 5a and 5b of a light-emitting 
portion 5 of the lamp is collected on a focus X by a first 
concave mirror 6 having an ellipsoidal or paraboloidal 
reflection plane form. The radiation light from the 
light-transmitting planes 5a and 5b of the light-emitting 
portion 5 of the lamp not collected by the first concave 
mirror 6 is reflected on a second concave mirror 7 
consisting of a spherical mirror for instance and having 
its reflection plane facing the reflection plane of the 
first concave mirror 6 , and is then returned to the vicinity 
of the light-emitting portion 5 of the lamp so as to be 
collected on the focus X by the first concave mirror 6. 

Thus , the first concave mirror 6 and the second concave 
mirror 7 are used in a state of having their reflection 
planes facing each other, the second concave mirror 7 
having the outermost diameter larger than the outermost 
diameter in a vertical direction to an optical axis of 
the first concave mirror 6, that is, a straight line 
connecting a luminescence center 5c of the light-emitting 
portion 5 to the focus X. The light radiated from the 
light-emitting portion 5 of the lamp is thereby taken 
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in as much as possible so as to be collected by the first 
concave mirror 6. 

The basic configuration of the light source apparatus 
as a second conventional example is shown in Figure 15 
(refer to Japanese Patent No. 2730782 and Japanese Patent 
No. 3350003 for instance) . In the case of this light 
source apparatus, a light source 10 of the lamp is placed 
on a focus Y of an ellipsoidal mirror or paraboloidal 
reflecting mirror as a first concave mirror 8 . The first 
concave mirror 8 is provided at an angle capable of 
reflecting all the radiation light from a 
light- transmit ting plane 10a of the light source 10 . This 
light source apparatus coincides with the first 
conventional example in that the light radiated from the 
light-transmitting planes 10a of the light source 10 and 
reflected on the spherical mirror as a second concave 
mirror 9 is returned to the vicinity of the focus of the 
first concave mirror 8 and as much light radiated from 
a light-transmitting portion 10 as possible is thus taken 
in together with the light radiated from the 
light-transmitting plane 10b and directly collected by 
the first concave mirror 8 . 

However, they are different in that the first 
conventional example has the opening of the second concave 
mirror 7 in a vertical plane against an optical axis 
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direction of the first concave mirror 6 whereas the second 
conventional example has the second concave mirror 9 
placed in a horizontal direction against the direction 
of the optical axis of the first concave mirror 8, that 
is, the straight line connecting a luminescence center 
10c of the light-emitting portion 10 of the lamp to the 
focus Y. 

As shown in Figure 11, the conventional multi-lamp 
optical system has the configuration in which the light 
radiated from multiple light source apparatuses gets 
incident on the rod integrator 2 which is homogeneous 
lighting means. However, a transmissive/ref lective 
liquid crystal of displaying the image and the light 
modulation device called a DMD (Digital Micro-mirror 
Device) have a luminous flux incident angle range capable 
of substantially modulating the light and an image display 
effective area capable of displaying the image . For this 
reason, due to the relation of Heltzholm - Lagrange which 
is a basic formula of imaging optics, an output angle 
range of the light according to the size of an outgoing 
side opening 2b of the rod integrator 2 in an imaging 
relation with the relay lens 3 is uniquely decided by 
the relay lens 3. 

In this case, if the outgoing side opening and the 
incident side opening of the rod integrator 2 are of an 
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equal size, the output angle range is equal to the incident 
angle range . I f the outgoing side opening and the incident 
side opening are of different sizes, the incident angle 
range is in accordance with the size of the incident side 
opening induced by the relation of Heltzholm - Lagrange, 
and so only the luminous flux within this angle range 
is projected onto the screen via the rod integrator 2, 
relay lens 3, light modulation device 4 and projection 
lens . 

For this reason, in the case of the light source 
apparatus having a single concave mirror 1 capable of 
collecting more lamp radiation light, the incident angle 
range of the rod integrator 2 is limited. Therefore, there 
is a problem that a distance between the concave mirror 

1 and an incident side opening 2a of the rod integrator 

2 becomes long and an optical spot size formed by the 
concave mirror 1 becomes large so that an amount of light 
to be taken in by the opening of the rod integrator 2 
decreases . 

As with the light source apparatus of the conventional 
multi-lamp optical system shown in Figure 11, the light 
source apparatus of the first conventional example shown 
in Figure 12 is in a form of rotation symmetry to the 
optical axis of the first concave mirror, that is, the 
straight line connecting the luminescence center 5c of 



the light-emitting portion 5 of the lamp to the focus 
X. It has a problem that, in the case of forming a similar 
multi-lamp optical system, the amount of light to be taken 
in by the opening of the rod integrator 2 decreases. It 
also has a problem that its outer shape becomes large. 

The light source apparatus of the second conventional 
example shown in Figure 15 is in a form of rotation 
asymmetry to the optical axis of the first concave mirror, 
that is, the straight line connecting the luminescence 
center 10c of the light-emitting portion 10 of the lamp 
to the focus Y. Its outer shape can be smaller than that 
of the first conventional example. The luminous fluxes 
formed by collection of light can also be of rotation 
asymmetry, and it is possible, even in the multi-lamp 
optical systemof Figure 11, to reduce the distance between 
the first concave mirror 8 corresponding to the first 
concave mirror 6 and the incident side opening 2a of the 
rod integrator 2 . 

However, the light source apparatus of the second 
conventional example shown in Figure 15 has the following 
problem. The reflection plane having the second concave 
mirror 9 formed thereon reflects all the light radiated 
from the light-transmitting plane 10a as shown in Figure 
15. Nevertheless, all the reflected light is not 
collected by the first concave mirror 8, but a part of 
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it is radiated outside so as to become an impediment to 
light collection efficiency. 

To collect all the reflected light of the second 
concave mirror 9 on the focus Y, it is necessary to expand 
the reflection plane of the first concave mirror 8 by 
an equivalent of an area 150. However, this leads to a 
larger size of the light source apparatus so that the 
light collection efficiency and the larger size of the 
light source apparatus will be in a trade-off relation. 

The light radiated from a lamp 5 and directly reaching 
the first concave mirror 6 in an upper half in the light 
source apparatus of the first conventional example of 
Figure 12 is taken in by the second concave mirror 9 in 
the light source apparatus of the second conventional 
example of Figure 15. In this case, the light reflected 
on the second concave mirror 9 passes through the vicinity 
of the light-emitting, portion 10 of the lamp again so 
as to get to the first concave mirror 8. In the case of 
using a metal halide lamp or a mercury lamp as the lamp, 
much of the light passing through the light-emitting 
portion again is lost due to light absorption and light 
scattering of light-emitting materials and materials 
configuring the lamp. Thus, it has a problem that the 
amount of luminous fluxes emitted to the focus Y is 
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consequently reduced and optical usable efficiency is 
lowered as the entire light source apparatus. 

The present invention was made in order to solve these 
problems of the conventional examples, and an object 
thereof is to provide the light source apparatus of which 
optical usable efficiency is not lowered by miniaturizing 
it and the lighting apparatus and projection display 
apparatus of higher efficiency and capable of 
miniaturization by having the light source apparatus. 

Disclosure of the Invention 

The 1^^ aspect of the present invention is a light 
source apparatus comprising: 

light generating means; 

a first concave mirror of collecting a part of light 
radiated from the light generating means; and 

a second concave mirror of collecting another part 
of the light radiated from the light generating means 
not collected by the first concave mirror and reflecting 
it on the first concave mirror, 

wherein a reflection plane of the first concave mirror 
and a reflection plane of the second concave mirror are 
in a form of rotational asymmetry to a reference axis 
connecting a source of luminescence of the light 
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generating means to a focus of the light collected by 
the first concave mirror respectively; 

a distance between the reflection plane of the second 
concave mirror and the source of luminescence is shorter 
than the distance between the source of luminescence and 
the focus of the light collected by the first concave 
mirror; and 

a part of the reflection plane of the first concave 
mirror is formed around the reference axis. 

The 2"^ aspect of the present invention is the light 
source apparatus according to the 1^^ aspect of the present 
invention, wherein the first concave mirror has one or 
a plurality of quadratic surfaces as the reflection plane . 

The 3^^ aspect of the present invention is the light 
source apparatus according to the 2^^ aspect of the present 
invention, wherein the quadratic surface of the first 
concave mirror is a part of an ellipsoidal surface, and 
one of the focuses of the ellipsoidal surface 
substantially coincides with the source of luminescence 
of the light generating means while the other coincides 
with the focus of the light collected by the first concave 
mirror . 

The 4^^ aspect of the present invention is the light 
source apparatus according to the 1^^ aspect of the present 
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invention, wherein the second concave mirror has one or 
a plurality of quadratic surfaces as the reflection plane • 
The 5^^ aspect of the present invention is the light 
source apparatus according to the 4^^ aspect of the present 
invention, wherein the quadratic surfaces of the second 
concave mirror are a part of a spherical surface and a 
center of the spherical surface substantially coincides 
with the source of luminescence of the light generating 
means • 

The 6^^ aspect of the present invention is the light 
source apparatus according to the 1^^ aspect of the present 
invention, wherein the reflection plane of the first 
concave mirror is located closer to the source of 
luminescence than the reflection plane of the second 
concave mirror; and 

the following relations are satisfied if, when a 
focusing angle of the first concave mirror is divided 
in two by a plane including the reference axis, a larger 
angle is a, a smaller angle is p, a maximum angle of the 
light radiated from the light generating means to the 
first concave mirror and the second concave mirror is 
y, and the focusing angle of the second concave mirror 
is 0: 

(Formula 1) 

a > p > 0 
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(Formula 2) 

a + P > 180 degrees 
(Formula 3) 

0 < e < Y - p. 

The 7^^ aspect of the present invention is the light 
source apparatus according to the 1^^ aspect of the present 
invention, wherein the reflection plane of the second 
concave mirror is located closer to the source of 
luminescence than the reflection plane of the first 
concave mirror; and 

the following relations are satisfied if, when a 
focusing angle of the first concave mirror is divided 
in two by a plane including the reference axis, a larger 
angle is a, a smaller angle is P, a maximum angle of the 
light radiated from the light generating means to the 
first concave mirror and the second concave mirror is 
y, and the focusing angle of the second concave mirror 
is 0: 

(Formula 1) 

a > P> 0 
(Formula 2) 

a + P > 180 degrees 
(Formula 4) 

0 < 9 < 180 degrees. 



The 8 aspect of the present invention is the light 
source apparatus according to the 7^^ aspect of the present 
invention, wherein the second concave mirror is placed 
in luminous fluxes formed by the first concave mirror. 

The 9^^ aspect of the present invention is the light 
source apparatus according to the 1^^ aspect of the present 
invention, wherein 

the light generating means is a lamp having a vessel 
body of accommodating the source of luminescence; 

the vessel body has a spherical vessel portion of 
transmitting radiation light from the source of 
luminescence and a pair of ends projecting from the 
spherical vessel portion; and 

the pair of ends is provided around the reference 
axis . 

The 10^^ aspect of the present invention is the light 
source apparatus according to the 9^^ aspect of the present 
invention, wherein the spherical vessel portion has a 
first opposed plane opposed to the reflection plane of 
the first concave mirror and a second opposedplane opposed 
to the reflection plane of the first concave mirror and 
the reflection plane of the second concave mirror; and 

the part of the reflection plane of the first concave 
mirror is at least opposed to the second opposed plane. 



The 11 aspect of the present invention is a lighting 
apparatus comprising : 

the light source apparatus according to the 1^^ aspect 
of the present invention; and 

lens means placed at a position optically connecting 
with the focus of the light collected by the first concave 
mirror of the light source apparatus and converting the 
light emitted from the light source apparatus 
substantially to parallel light. 

The 12^^ aspect of the present invention is the 
lighting apparatus according to the 11^^" aspect of the 
present invention, wherein the lens means is a rod 
integrator. 

The 13^^ aspect of the present invention is the 
lighting apparatus according to the 11^^ aspect of the 
present invention, wherein the lens means is a lens array. 

The 14^^ aspect of the present invention is the 
lighting apparatus according to the 11^^ aspect of the 
present invention, wherein there are a plurality of the 
light source apparatuses placed so that the respective 
reference axes thereof coincide in the same plane; and 

it further comprises light guiding means of guiding 
the light emitted from the plurality of light source 
apparatus to the lens means . 
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The 15^^ aspect of the present invention is the 
lighting apparatus according to the 11^^ aspect of the 
present invention, wherein the plurality of light source 
apparatus are placed so that the respective reference 
axes thereof intersect at one point in space; and 

the lens means is provided at a position corresponding 
to the one point - 

Thel 6^^ aspect of the present invention is the lighting 
apparatus according to the 15^^ aspect of the present 
invention, wherein the plurality of light source 
apparatus are placed so that the second concave mirrors 
are mutually opposed. 

The 17^^ aspect of the present invention is the 
lighting apparatus according to the 15^^ aspect of the 
present invention, wherein the plurality of light source 
apparatus are placed so that the first concave mirrors 
are mutually opposed. 

The 18^^ aspect of the present invention is a 
projection display apparatus comprising: 

the lighting apparatus according to the 11^^ aspect 
of the present invention; 

a light modulation device placed at a position 
optically connecting with the lighting apparatus and 
modulating the light to form an optical image; and 

a projection lens of projecting the optical image. 
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Brief Description of the Drawings 

Figure 1 is a sectional view of describing an overview 
of a light source apparatus according to a first embodiment 
of the present invention; 

Figure 2 is a perspective view showing an overview 
configuration of the light source apparatus according 
to the first embodiment of the present inventions- 
Figure 3 is a sectional view showing an overview 
configuration of a lighting apparatus according to the 
first embodiment of the present invention; 

Figure 4 is a sectional view showing an overview 
configuration of the lighting apparatus according to the 
first embodiment of the present invention; 

Figure 5 is a sectional view showing an overview 
configuration of a pro j ection display apparatus according 
to the first embodiment of the present invention; 

Figure 6 is a sectional view of describing an overview 
configuration and action of the light source apparatus 
according to the first embodiment of the present 
invention; 

Figure 7 is a sectional view of describing an overview 
configuration and action of the light source apparatus 
according to the first embodiment of the present 
invention; 



Figure 8 is a sectional view of describing an overview 
configuration of the lighting apparatus according to a 
second embodiment of the present invention; 

Figure 9 is a sectional view of describing an overview 
configuration of the lighting apparatus according to the 
second embodiment of the present inventions- 
Figure 10 is a sectional view showing an overview 
configuration of aproj ection display apparatus according 
to the second embodiment of the present inventions- 
Figure 11 is a sectional view of an optical system 
using multiple conventional light source apparatuses; 

Figure 12 is a sectional view of the light source 
apparatus using multiple concave mirrors shown as a first 
conventional example; 

Figure 13 is a schematic view of describing an effect 
of the optical system using a mirror for a composite portion 
of multiple conventional light source apparatuses; 

Figure 14 is a schematic view of describing an effect 
of the optical system using the mirror for the composite 
portion of the multiple conventional light source 
apparatuses of the first conventional example; 

Figure 15 is a sectional view of the light source 
apparatus using the multiple concave mirrors shown as 
a second conventional example; 



- 18 - 

Figure 16 is a sectional view of the optical system 
using the multiple conventional light source apparatuses ; 

Figure 17 is a sectional view of describing an overview 
configuration of the lighting apparatus according to the 
second embodiment of the present invention; 

Figure 18 is a sectional view of describing an overview 
configuration of the lighting apparatus according to a 
third embodiment of the present invention; and 

Figure 19 is a sectional viewof describing an overview 
configuration of the lighting apparatus according to the 
third embodiment of the present invention. 

(Description of Symbols) 

1 1 Lamp 

12 Ellipsoidal mirror 

13 Spherical mirror 

14 Optical axis 

111 Lamp light-emitting portion 

100 Light source apparatus 

101 Rod integrator 

Fl First focal position 
F2 Second focal position 

Best Mode for Carrying Out the Invention 
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Hereunder, the embodiments of the present invention 
will be described by referring to the drawings. 
(First Embodiment) 

Hereunder, a first embodiment of the present 
invention will be described by referring to the drawings . 
Figure 1 shows an overview configuration of a light source 
apparatus according to the first embodiment. 

This light source apparatus is configured by a lamp 
(an example of the lamp or light generating means of the 
present invention) 11, an ellipsoidal mirror (an example 
of a first concave mirror of the present invention) 12 
and a spherical mirror (an example of a second concave 
mirror of the present invention) 13. 

The lamp 11 is configured by a lamp light-emitting 
portion 111 having a substantially spherical vessel 
portion including a source of luminescence positioned 
correspondingly to a focal position mentioned later and 
generating light, and light transmission planes 111a and 
111b containing the source of luminescence and 
transmitting the light therefrom to the outside, and a 
pair of ends 111c .and llld including electrodes of the 
source of luminescence and having a form projecting from 
the lamp light-emitting portion 111 . The vessel portion 
and ends 111c and llld of the lamp light-emitting portion 
111 are integrally formed from the same vessel body. As 
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for the lamp 11, it is possible to use a xenon lamp having 
a light-emitting portion form as the source of 
luminescence very close to a point source and capable 
of large optical output, a metal halide lamp of high 
luminous efficiency, a mercury lamp having an ultrahigh 
voltage in the lamp light-emitting portion (arc tube) 
when lit up, and a halogen lamp* 

Of the two focuses of the reflection plane of the 
ellipsoidal mirror 12, one is placed to coincide with 
the source of luminescence of the lamp light-emitting 
portion 111 . Therefore, the light radiated from the light 
transmission plane 111b and collected by the ellipsoidal 
mirror 12 is focused on the outgoing opening side of the 
ellipsoidal mirror 12 so as to form an optical spot on 
the other focus. Here, if the position of the focus 
coinciding with the source of luminescence of the lamp 
light-emitting portion 111 is a focal position Fl and 
the position of the focus at which the optical spot is 
formed is a focal position F2, the ellipsoidal mirror 
12 is in a form of non-rotation symmetry to an optical 
axis 14 thereof, that is, a reference axis connecting 
the focal position Fl to the focal position F2 . 
Furthermore, a part of the reflection plane of the 
ellipsoidal mirror 12 exists around the optical axis 14 
shown in Figure 1, and a further part thereof is formed 
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to be opposed to the light transmission plane Ilia by 
going round to the back of a lamp 111. 

The spherical mirror 13 is also in the form of 
non-rotation symmetry to the optical axis 14, and the 
reflection plane thereof is opposed to the light 
transmission plane 111a of the lamp light-emitting 
portion 111 so as to cover a portion without the ellipsoidal 
mirror 12 in a range reachable by radiation light therefrom. 
In Figure 1, the center of the reflection plane of the 
spherical mirror 13 coincides with the focal position 
Fl . In short, the ellipsoidal mirror 12 can collect the 
light radiated from the light transmission plane 111b 
and the light transmission plane 111a, and the spherical 
mirror 13 has a configuration capable of reflecting the 
light radiated from the light transmission plane 111a. 

Furthermore, a distance from the focal position Fl 
of the ellipsoidal mirror 12 to the reflection plane of 
the spherical mirror 13, that is, a radius of curvature 
R of the spherical mirror 13 is shorter than the distance 
from a focal length of the ellipsoidal mirror 12 having 
the lamp light-emitting portion 111 to the focal position 
F2 of the ellipsoidal mirror 12 at which luminous fluxes 
emitted from the lamp light-emitting portion 111 is 
collected by the ellipsoidal mirror 12 to form a spot, 
that is, an inter-focus distance L of the ellipsoidal 
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mirror 12. The optical axis 14 is placed to penetrate 
the lamp 11, where the ends 111c and llld are formed around 
the optical axis 14. 

Figure 2 shows a three-dimensional overview form of 
the light source apparatus . The sectional view of Figure 
1 is based on a line A-A' of Figure 2. The line A-A' is 
located in the same plane as the optical axis 14, and 
divides the light source apparatus in two from overhead. 

An action of the light source apparatus shown in Figure 
1 will be described. First, of the luminous fluxes emitted 
from the lamp light-emitting portion 111, the light 
reflected on the ellipsoidal mirror 12 is focused on the 
outgoing opening side of the ellipsoidal mirror 12 so 
as to form the optical spot on the focal position F2 
existing on the outgoing opening side of the ellipsoidal 
mirror 12. In this case, the luminous flux radiated from 
the source of luminescence of the lamp light-emitting 
portion 111 is formed by the light radiated from the light 
transmission plane 111b and the light transmission plane 
111a. 

Of the luminous fluxes radiated from the lamp 
light-emitting portion 111, the light radiated from the 
light transmission plane 111a and reflected on the 
spherical mirror 13 is returned to the lamp light-emitting 
portion 111 of the lamp 11 again. It passes the vicinity 
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of the lamp light-emitting portion 111, and is reflected 
thereafter on the ellipsoidal mirror 12 so as to be focused 
on the second focus F2 of the ellipsoidal mirror 12 together 
with direct light from the lamp light-emitting portion 
111. 

Thus, the light source apparatus according to this 
embodiment has the configuration in which the ellipsoidal 
mirror 12 is in rotation asymmetry to the optical axis 
14, where the light directly radiated from the lamp 11 
is reflected to form the luminous fluxes in rotation 
asymmetry and the light radiated from the lamp 11 and 
not reflected on the ellipsoidal mirror 12 is reflected 
on the ellipsoidal mirror 12 again by the spherical mirror 
13. Therefore, an amount of luminous fluxes close to the 
luminous fluxes in rotation symmetry is secured even in 
the case of the luminous fluxes in rotation asymmetry. 

Furthermore, the ellipsoidal mirror 12 is formed in 
rotation asymmetry to the optical axis 14, and the 
reflection plane is formed to go round to the back of 
the lamp light-emitting portion 111 so as to directly 
collect the light from the same light transmission plane 
as that reflecting the light reflected on the spherical 
mirror 13. Thus, it is not necessary for the spherical 
mirror 13 to reflect all the radiation light from the 
light transmission plane 111a as with the light source 



apparatus of the second conventional example of Figure 
15 . It is thereby possible to prevent the reflected light 
from being radiated outside without getting collected 
so as to obtain a sufficient amount of luminous fluxes 
without changing a substantial size of the ellipsoidal 
mirror 12. 

Furthermore, the light source apparatus according 
to this embodiment has the configuration in which the 
radius of curvature R of the spherical mirror 13 is shorter 
than the inter-focus distance L of the ellipsoidal mirror 
12, which has the effect of keeping the size of the light 
source apparatus minimum while securing a maximum amount 
of luminous fluxes. This has the following reason. To 
be more specific, it is sufficient, just for the sake 
of improving light collection efficiency, to provide the 
spherical mirror 13 at a position backed out until its 
reflection plane substantially coincides with the focal 
position F2 as a convergent point of outgoing beams emitted 
from the ellipsoidal mirror 12 and further provide an 
opening of substantially the same size as a focusing spot 
at a position corresponding to the focal position F2 on 
the reflection plane of the spherical mirror 13. In this 
case, it is possible to collect almost all the light emitted 
from the lamp light-emitting portion 111 with the 
spherical mirror 13 and the ellipsoidal mirror 12 so as 



to obtain the maximum light collection efficiency. 
However, the size of the light source apparatus itself 
becomes larger because the radius of curvature of the 
spherical mirror 13 is fixed even if a focusing angle 
of the ellipsoidal mirror 12 is changed. 

For that reason, according to this embodiment, it 
is possible, by rendering the radius of curvature R of 
the spherical mirror 13 shorter than the inter-focus 
distance L of the ellipsoidal mirror, to strike a balance 
between improvement in the light collection efficiency 
and miniaturization of the apparatus. 

Next, a description will be given as to conditions 
of realizing the light source apparatus in non-rotation 
symmetry to the optical axis 14 having improved optical 
usable efficiency and in the form not enlarging the size 
of the spherical mirror 13. 

Figures 6 and 7 show sectional views on a vertical 
plane at which the angle for the spherical mirror 13 to 
take in the radiation light from the lamp 111 becomes 
the largest. To be more specific, the sectional views 
show the section at which the angle of viewing the spherical 
mirror 13 from the light source 111 becomes the largest. 

The following holds in the case where, of the focusing 
angles of the ellipsoidal mirror 12 including the optical 
axis 14 and divided in two at the plane orthogonal to 
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the line A-A' of Figure 2, the larger one is angle a and 
the smaller one is angle p, and a maximum angle of the 
light radiated from the lamp 11 is y, and the range of 
the focusing angle of the spherical mirror is 9, and if 
the spherical mirror 13 is outside the reflected light 
of the ellipsoidal mirror 12 within the range scarcely 
blocking the light reflected on the ellipsoidal mirror 
12 as shown in Figure 6^ that is, if the reflection plane 
of the ellipsoidal mirror 13 is placed closer to the light 
source 111 than the reflection plane of the spherical 
mirror 13. 
(Formula 1) 
a > p > 0 (1) 
(Formula 2) 

a + P > 180 degrees (2) 
(Formula 3) 

0 < 0 < y - p (3) 

The reflection plane defined by the angle a reflects 
the radiation light from the light transmission plane 
111b, and the reflection plane defined by the angle P 
reflects the light from the light transmission plane 111a. 

It is desirable to satisfy the following in the case 
where the spherical mirror 13 is formed on a surface of 
the vessel portion of the lamp light-emitting portion 
111 or in proximity thereto within the range scarcely 
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blocking the light reflected on the ellipsoidal mirror 
12 as shown in Figure 7, that is^ in the case where the 
reflection plane of the spherical mirror 13 is placed 
closer to the light source 111 than the reflection plane 
of the ellipsoidal mirror 12. 
(Formula 1) 

a > P > 0 (1) 
(Formula 2) 

a + p > 180 degrees (4) 
(Formula 4) 

0 < 0 < 180 degrees (5) 

As for the condition of Figure 6, it is radius of curvature 
R of the spherical mirror 13 < inter-focus distance L 
of the ellipsoidal mirror 12. 

Here, an important point is that p is positive. This 
provides the configuration in which the reflection plane 
of the ellipsoidal mirror 12 is vertically astride the 
optical axis 14 on both sides thereof in Figures 6 and 
7. Furthermore, it provides the configuration in which 
the reflection plane is opposed not only to the light 
transmission plane 11 lb but also to the light transmission 
plane 111a by straddling the end 111c of the lamp 11. 
Thus, the ellipsoidal mirror 12 is vertically astride 
the optical axis 14 on both sides thereof and the reflection 
plane is opposed not only to the light transmission plane 
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111b but also to the light transmission plane 111a. It 
is thereby possible for the ellipsoidal mirror 12 to 
directly collect the light from the light source 111 at 
a Iqirge angle. The spherical mirror 13 can be small-size 
since it has only to collect a small amount of the remaining 
light which cannot be completely collected by the 
ellipsoidal mirror 12 out of the light from the light 
transmission plane Ilia. Therefore, in this state, the 
light radiated from the light source 111 and heading for 
the ellipsoidal mirror 12 without suffering a loss to 
be focused on the second focus F2 becomes the largest. 
This involves a relatively small amount of light 
generating significant loss in the course of directly 
heading for the spherical mirror 13, getting reflected, 
passing through the vicinity of the light source 111 and 
heading for the ellipsoidal mirror 12 until getting 
reflected on the ellipsoidal mirror 12 where it is focused 
on the second focus. Thus, the light collection 
efficiency of the light emitted from the entire light 
source apparatus is improved in comparison with the 
conventional examples without substantially changing the 
size of the ellipsoidal mirror 12. 

The formula (1) indicates the condition for the 
reflection plane of the ellipsoidal mirror 12 to be in 
non-rotation symmetry to the optical axis 14. 
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In the case where the relations of the formulas (2) 
and (4) are not satisfied, the light reflected on the 
spherical mirror 13 reaches the area in which the 
reflection plane of the ellipsoidal mirror 12 does not 
exist so that the optical usable efficiency cannot be 
improved . 

The formulas (3) and (5) indicate the ranges in which 
the spherical mirror 13 can collect the light.. 

The formula (3) is the case where the spherical mirror 
13 is outside the reflection plane of the ellipsoidal 
mirror 12 as shown in Figure 6. Therefore, it shows the 
range capable of taking in the radiation light from the 
lamp 11 at the maximum and rendering the angle of the 
spherical mirror 13 small. 

In the case where the spherical mirror 13 is outside 
the reflection plane of the ellipsoidal mirror 12, the 
size of the light source apparatus becomes larger than 
the case where it is in proximity to the vessel surface 
of the lamp 11 in the example of Figure 7 . As an advantage, 
however, there is reduction in density of the luminous 
fluxes emitted from the lamp light-emitting portion 111 
and getting incident on the reflection plane of the 
spherical mirror 13 so that heat resistance required on 
the reflection plane can be alleviated. 
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The formula (5) is the case where, as shown in Figure 
1 , the spherical mirror 13 is on the lamp vessel surface 
substantially coinciding with the light transmission 
plane 111a or in proximity thereto and is placed in the 
luminous fluxes formed by the ellipsoidal mirror 12. 
Therefore, the size of the light source apparatus is hardly 
changed by an angular range of the spherical mirror 13. 
Thus, it is desirable to provide the angular range placing 
more importance on the improved efficiency. 

In the case of these configurations, it is possible 
to efficiently emit the lamp outgoing beams radiated in 
rotation symmetry to the optical axis 14 from the 
ellipsoidal mirror 12 as the luminous fluxes in 
non-rotation symmetry to the optical axis 14. 

Figure 1 shows the case of using one piece of the 
spherical mirror 13 . In the case of the ellipsoidal mirror 
in a f ormhaving some locations cut off from the ellipsoidal 
mirror in rotation symmetry to the optical axis 14 , however, 
it is possible, by using multiple spherical mirrors, to 
collect the radiation light from the lamp 11 reaching 
the area not coverable by the ellipsoidal mirror even 
if the ellipsoidal mirror has a complicated opening form 
so as to improve the optical usable efficiency of the 
light source apparatus. 
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As shown in Figure 3, it is possible to place a light 
source apparatus 100, mirrors, a rod integrator 101 made 
of glass poles or mirrors glued together, and optical 
means 102 such as a lens of this embodiment at predetermined 
positions so as to obtain a lighting apparatus of this 
embodiment of converting the light emitted from the light 
source apparatus 100 to predetermined approximately 
parallel light. 

As shown in Figure 4, it may also be the lighting 
apparatus using a lens array 103 having multiple lenses 
two-dimensionally placed rather than the lighting 
apparatus using the rod integrator having the glass poles 
or mirrors glued together. 

Furthermore, as shown in Figure 5, it is possible 
to additionally provide a field lens 104, a light 
modulation device 105 and a projection lens 106 to the 
lighting apparatus 100 so as to obtain a pro j ection display 
apparatus of this embodiment. 

It is possible to use as the light modulation device 
105 a reflective light valve, a transmissive light valve, 
a mirror panel capable of changing a direction of 
reflection with small mirrors placed like an array, and 
the light modulation device of an optical writing method. 

Furthermore, while Figures 3, 4 and 5 show the lens 
as the optical means of converting the radiation light 



- 32 - 

from the light source apparatus to illumination light, 
it may also be the optical means using the mirrors and 
a prism in addition to the lens or the optical system 
including an optical component combiningmultiple lenses . 

Furthermore, while Figure 5 shows the configuration 
having just one transmissive light valve as the light 
modulation device, it may also be the configuration having 
multiple light modulation devices. 

Furthermore, although it is not shown, it may be the 
configuration using the prism, filter and mirror capable 
of performing color separation and color composition. 

As described above, according to the first embodiment, 
it is possible to have the lamp 11, ellipsoidal mirror 
12 and spherical mirror 13 and place the spherical mirror 
at the position capable of collecting the light not 
collectable by the ellipsoidal mirror in the form of 
non-rotation symmetry to the optical axis so as to obtain 
the light source apparatus of high efficiency and small 
size . 

Furthermore, it is possible, by having such a light 
source apparatus of high efficiency and small size, to 
render it brighter by using the lamp of the same power 
and allow the same brightness by using the lamp of lower 
power so as to provide the lighting apparatus and 
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projection display apparatus capable of pushing down 
power consumption. 

The above description used the ellipsoidal mirror 
12 as the first concave mirror. However, it may be any 
reflecting surface mirror having a quadratic surface, 
where a reflecting surface mirror in the form combining 
a parabolic mirror and multiple ellipsoidal mirrors may 
also be used. Furthermore, the first concave mirror is 
not limited to the quadratic surface but may also be formed 
by multiple planes or curved surfaces, such as a Fresnel 
mirror . 

Furthermore, the spherical mirror is used as the 
second concave mirror. However, it may be any reflecting 
surface mirror having a quadratic surface capable of 
efficiently reflecting lamp radiation light to the 
proximity of the lamp light-emitting portion, where the 
reflecting surface mirror in the form combining the 
ellipsoidal mirror, and multiple spherical mirrors may 
also be used. Furthermore, as with the first concave 
mirror, it is not limited to the quadratic surface but 
may also be formed by multiple planes or curved surfaces, 
such as the Fresnel mirror. 
( Second Embodiment ) 

Hereunder, a second embodiment of the present 
invention will be described by referring to the drawings . 
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Figures 8 and 10 show overview configurations of the 
lighting apparatus and the projection display apparatus 
according to this embodiment. 

The light source apparatus 100 is the same as that 
in the first embodiment, and so a description thereof 
will be omitted. As previously described, a multi-lamp 
optical system as shown in Figure 11 uses multiple light 
source apparatuses to be able to perform brighter 
illumination, combines the luminous fluxes emitted from 
each of the multiple light source apparatuses and has 
them incident on one piece of rod integrator or lens optical 
system to perform the illumination. 

In the case of the optical system using a rod 
integrator 2 shown in Figure 11, it is necessary, for 
the sake of reducing the loss in the optical system from 
the rod integrator 2 onward and improving the optical 
usable efficiency of the luminous fluxes emitted from 
the light source apparatuses, to render the focusing angle 
of the ellipsoidal mirror as large as possible and thereby 
collect more lamp radiation light with the ellipsoidal 
mirror and further render a distance between the focal 
position Fl (substantially coinciding with the light 
source of the lamp) and the focal position F2 (to be the 
convergent point of the luminous fluxes) of the 
ellipsoidal mirror 12 as small as possible so as to render 
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the optical spots formed on an incident side opening 2a 
of the rod integrator 2 smaller. 

In the case of placing multiple ellipsoidal mirrors 
having their inter-focus distance reduced while rendering 
the focusing angle larger, it is known that the most 
efficient placement is that in the state of having a part 
of the ellipsoidal mirrors physically interfering. As 
such a configuration, there is the configuration already 
known as shown in Figure 16, wherein a part of the concave 
mirror 1 of each light source apparatus is cut off in 
order to prevent the concave mirrors 1 of multiple light 
source apparatuses from physically interfering with one 
another. In this case, however, there is a problem that 
the light collection efficiency is lower only in a cut-off 
portion of the concave mirrors 1. 

To avoid this problem, there is a configuration, as 
shown in Figure 13, in which a pair of light source 
apparatuses is placed to have their reflection planes 
opposed to each other and there is a mirror 200 placed 
immediately anterior to the incident side opening 2a of 
the rod integrator 2 at an angle of guiding the luminous 
fluxes emitted from multiple light source apparatuses 
1 to the incident side opening 2a of the rod integrator 
2. 



In the case of this configuration, there is no physical 
interference of the concave mirror 1 itself . If themirror 
200 is placed to reflect all the luminous fluxes emitted 
from the concave mirror 1 onto the rod integrator 2 side, 
however, there are the luminous fluxes not reflected on 
the incident side opening 2a due to the physics 
interference of the mirror 200 so that the concave mirror 
1 is not substantially used in certain areas (indicated 
by dotted lines in Figure 13) . In this case, the 
ellipsoidal mirror has no interfering portion, and so 
the light incident on a mirror interfering portion is 
not consequently used even though the ellipsoidal mirror 
in rotation symmetry to the optical axis can be placed. 

Next, Figure 14 is a diagram showing the configuration 
of a multi-lamp optical system using the light source 
apparatus of a conventional configuration as in Figure 
12 as the light source apparatus of the optical system 
of Figure 13. In this case, there are areas of the first 
concave mirror 6 not substantially used (indicated by 
the dotted lines in Figure 13) as with the concave mirror 
of Figure 13. There are the luminous fluxes further 
reflected on a second concave mirror 7 and then passing 
through the proximity of the light-emitting portion and 
getting incident on the area of the first concave mirror 
6 not substantially used in addition to the luminous fluxes 



directly getting incident on the area of the first concave 
mirror 6 not substantially used from the lamp . Therefore, 
it has the problem that the optical usable efficiency 
is further lowered. 

Furthermore, in the case of using the conventional 
light source apparatus as in Figure 15 as a light source 
apparatus portion of Figure 13, even the luminous fluxes 
which can be directly taken in by an ellipsoidal mirror 
8 are reflected on a spherical mirror 9 generating a light 
loss and then pass through the proximity of the 
light-emitting portion and get reflected on the 
ellipsoidal mirror 8. Therefore, the luminous fluxes 
emitted from the light source apparatus cannot be used 
with maximum efficiency. 

The lighting apparatus according to the second 
embodiment of the present invention solves the above 
problems by using the light source apparatus of the first 
embodiment as the lighting apparatus. 

Figure 8 shows the lighting apparatus of the 
multi-lamp optical system according to the second 
embodiment of the present invention using the light source 
apparatus of the first embodiment of the present 
invention . 
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In the lighting apparatus, each light source 
apparatus 100 is placed so that the optical axes 14 coincide 
in the same plane to be on the same line in Figure 8. 

The light source apparatus 100 is placed to orient 
a smaller reflection plane of the ellipsoidal mirror 12 
toward an unused part of the portion interfered with by 
the mirror 200 and have a spherical mirror 1 positioned 
in the unused part . The mirror 200 is equivalent to light 
guiding means of the" present invention. 

In the case of such a lighting apparatus , the radiation 
light from the lamp 11 incident on the spherical mirror 
13 is returned to pass through the vicinity of the lamp 
light-emitting portion 111, and is emitted thereafter 
onto the mirror 200 side via the reflection plane of the 
ellipsoidal mirror 12 capable of being used by the mirror 
200 and the rod integrator 101. Therefore, it becomes 
the luminous fluxes suffering no loss after the rod 
integrator 101 so as to improve the optical usable 
efficiency of the luminous fluxes emitted from the light 
source apparatus. 

To be more specific, on a specific section of the 
light source apparatus 100 including a luminescence 
center (equivalent to the focal position Fl ) on which 
the angle of viewing the spherical mirror 13 from the 
luminescence center is substantially the largest, the 



position of providing the reflection plane having the 
smallest angle (corresponding to an angle P shown in 
Figures 6 and 7) of the focusing angles of the ellipsoidal 
mirror 12 to the optical axis 14 is placed to approximately 
coincide with the position in the luminous flux closest 
to an adjacent luminous flux emitted from one of the light 
source apparatuses when the luminous fluxes emitted from 
the two light source apparatuses 100 come close before 
getting incident on the rod integrator 101. Thus, the 
number of effective luminous fluxes directly collectable 
from the lamp light-emitting portion 111 by the 
ellipsoidal mirror 12 becomes the largest. It is also 
possible, with the spherical mirror 13, to collect the 
luminous fluxes from the lamp light-emitting portion 111 
not collectable by the ellipsoidal mirror 12. 

As for this configuration, in the case of using the 
metal halide lamp or the mercury lamp as the lamp 11, 
the loss occurs due to light absorption and light 
scattering of light-emitting materials and materials 
configuring the lamp 11 . However, the light having passed 
through the vicinity of a luminous body without being 
absorbed or scattered, even though not all of the luminous 
fluxes reflected on the spherical mirror 13, reaches the 
ellipsoidal mirror 12. Furthermore, the light 
collection efficiency as the light source apparatus is 
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improved because of the ellipsoidal mirror 12 having the 
reflection plane formed in non-rotation symmetry to the 
optical axis 14 and astride the optical axis 14 - Therefore, 
the radiation light from the lamp 11 unusable so far can 
be used so as to improve the optical usable efficiency 
as the lighting apparatus. 

It is also possible, of the luminous fluxes emitted 
from the lamp light-emitting portion 111, to obtain a 
larger number of luminous fluxes by direct light 
collection with the ellipsoidal mirror 12 as the shortest 
path and collect the remaining luminous fluxes via the 
spherical mirror 13 so as to significantly improve the 
light collection efficiency. 

It is also possible, as with the first embodiment, 
to render the radius of curvature R of the spherical mirror 
13 shorter than the focal -length L of the ellipsoidal 
mirror 12 and thereby reduce the size of the light source 
apparatus 100 itself so as to miniaturize the entire 
lighting apparatus . 

If the spherical mirror 13 is miniaturized, the focal 
length L of the ellipsoidal mirror 13 can also be reduced. 
Therefore, it is possible to form a smaller optical spot 
for an incident side opening end 101a of the rod integrator 
101 so as to improve the light collection efficiency from 
the rod integrator 101 onward. 
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Thus, according to this embodiment, it is possible 
to obtain the lighting apparatus capable of realizing 
both high optical usable efficiency and miniaturization. 

Figure 8 shows the example in which the light source 
apparatus 100 is placed to orient a smaller reflection 
plane of the ellipsoidal mirror 12 toward an unused part 
of the portion interfered with by the mirror 200 and have 
a spherical mirror 1 positioned in the unused part. As 
shown in Figure 17, however, it is also feasible to place 
each light source apparatus 100 so as to reverse positional 
relation between the ellipsoidal mirror 12 and the 
spherical mirror 13. In this case, it is necessary, for 
the sake of preventing the interference of the mirror 
200, to take a larger distance between the light source 
apparatus 100 and the rod integrator 101. There is an 
advantage, however, that it becomes easier to hold the 
spherical mirror 13 and place members such as an adjusting 
jig. 

Figure 8 shows the lighting apparatus using the rod 
integrator 101 made of glass poles or mirrors glued 
together as an example. However, it may also be the 
lighting apparatus using the lens array 103 having 
multiple lenses two-dimensionally placed as shown in 
Figure 9. 
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Furthermore, as shown in Figure 10, it is possible 
to additionally provide the field lens 104, light 
modulation device 105 and projection lens 106 to the 
lighting apparatus so as to obtain a projection display 
apparatus according to this embodiment. 

It is possible to use as the light modulation device 
105 the reflective light valve, the transmissive light 
valve and the light modulation device of an optical writing 
method. 

Furthermore, while Figures 8, 9 and 10 show the lens 
as the optical means of converting to the illumination 
light, it may also be the optical means using the mirrors 
and prism in addition to the lens or the optical system 
including an optical component combining multiple lenses . 

Furthermore, while Figures 5 and 8 to 10 show the 
configuration having just one transmissive light valve 
as the light modulation device, it may also be the 
configuration having multiple light modulation devices . 
Furthermore, although it is not shown, it may be the 
configuration using the prism, filter and mirror capable 
of performing color separation and color composition. 

As described above, according to the second 
embodiment, it is possible, on the lighting apparatus 
using multiple light source apparatuses having the lamp, 
ellipsoidal mirror and spherical mirror, to place the 
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spherical mirror at the position capable of collecting 
the light not collectable by the ellipsoidal mirror in 
the form of non-rotation symmetry to the optical axis 
so as to obtain the light source apparatus of high 
efficiency. 

Furthermore, it is possible, by thus having the light 
source apparatus of high efficiency, to render it brighter 
by using the lamp of the same output and allow the same 
brightness by using the lamp of lower output so as to 
provide the projection display apparatus capable of 
pushing down the power consumption. 
(Third Embodiment) 

Figure 18 shows the configuration of the lighting 
apparatus according to a third embodiment of the present 
invention. In Figure 18, the rod integrator 101, a relay 
lens 1.02 and the light modulation device 105 are the same 
as the conventional examples and the second embodiment. 
To be more specific, it has the configuration in which 
the light source apparatus according to the first 
embodiment is used as the light source apparatus of the 
lighting apparatus of the conventional- example shown in 
Figure 11. In this case, the pair of light source 
apparatuses 100 is placed to have their spherical mirrors 
13 opposed to each other, and the rod integrator 101 is 
placed at an intersection which is a point in space at 
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which the optical axes 14 of the light source apparatuses 
100 intersect. 

The lighting apparatus of this embodiment has the 
same optical operation as the conventional example of 
Figure 11. It uses the light source apparatuses of the 
first embodiment as the pair of light source apparatuses 
100, and the luminous fluxes emitted from the light source 
apparatuses 100 directly reach the incident side opening 
end 101a of the rod integrator 101. 

When compared to the configuration of the second 
embodiment, the optical axes 14 of the light source 
apparatuses of this embodiment are oblique as with the 
conventional examples, and so a problem remains, such 
as difficulty in adjustment of optical axis fitting. It 
is possible, however, to radiate all the liiminous fluxes 
in non-rotation symmetry to the optical axis 14 to the 
rod integrator 101. Thus, as with the conventional 
example shown in Figure 16, it is feasible, by using the 
light source apparatus of a small inter-focus distance, 
to render the focusing angle of the radiation light from 
the lamp 11 close to the angle of the light source 
apparatuses in rotation symmetry of the conventional 
example shown in Figure 11 while rendering the optical 
spot formed by the rod integrator 101 smaller so as to 
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obtain high optical usable efficiency as the entire 
optical system. 

It is also possible to simplify the niimber of parts 
and reduce the cost. 

Figure 18 shows the configuration of placing the pair 
of light source apparatuses 100 to have the spherical 
mirrors 13 opposed to each other. It is also possible, 
as shown in Figure 19, to place them to have the ellipsoidal 
mirrors 12 opposed to each other. In this case, it is 
feasible, of the luminous fluxes incident on the rod 
integrator 101, to intensively have the luminous fluxes 
substantially almost parallel to the optical axis of the 
rod integrator 101 incident on the incident side opening 
end 101a and increase a substantial amount of luminous 
fluxes from the rod integrator 101 onward in the lighting 
apparatus . Furthermore, there is also the advantage that 
it becomes easier to hold the spherical mirror 13 and 
place the members such as an adjusting jig. 

According to the above description, the ellipsoidal 
mirror is used as the first concave mirror. However, it 
may be any reflecting surface mirror having a quadratic 
surface, where a reflecting surface mirror in the form 
combining the parabolic mirror and multiple ellipsoidal 
mirrors may also be used. 
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Furthermore, the spherical mirror is used as the 
second concave mirror . However, it may be any reflecting 
surface mirror having a quadratic surface capable of 
efficiently reflecting the lamp radiation light to the 
proximity of the lamp light-emitting portion, where the 
reflecting surface mirror in the form combining the 
ellipsoidal mirror and multiple spherical mirrors may 
also be used. 

As previously described, in the above embodiments, 
the lamp 11 is an example of the lamp or light generating 
means of the present invention, the spherical vessel 
portion of the lamp light-emitting -portion 111 except 
the source of luminescence is an example of the spherical 
vessel portion of the present invention, the ends 111b 
and llld are an example of the pair of ends of the present 
invention, the light transmission plane 111a of the lamp 
light-emitting portion 111 is an example of a first opposed 
plane of the present invention, and the light transmission 
plane 111b is an example of a second opposed plane of 
the present invention. 

However, the light generating means of the present 
invention does not need to be implemented as the lamp 
having the vessel body as in the embodiments . It may also 
be implemented by another light source such as a 
light-emitting diode. In the case where it is the lamp. 
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it does not have to be configured by the spherical vessel 
portion and the ends. For instance, it may also be in 
a substantially spherical or ellipsoidal form consisting 
only of the spherical vessel portion having the light 
transmission plane . In short, the light generating means 
of the present invention is not limited by its concrete 
configuration and form as long as its source of 
luminescence can form the focus of the first concave mirror 
and the reference axis of the present invention. 

Industrial Applicability 

As described above, according to the present 
invention, it is possible to provide the light source 
apparatus capable of realizing high optical usable 
efficiency which is not lowered by miniaturizing it and 
also provide the lighting apparatus and projection 
display apparatus of high optical usable efficiency by 
having the light source apparatus. 



